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Abstract

Background Open parenchymal-preserving resection is

the current standard of care for lesions in the posterosu-

perior liver segments. Laparoscopy and robot-assisted

surgery are emergent surgical approaches for liver resec-

tions, even in posteriorly located lesions. The objective of

this study was to compare robot-assisted to laparoscopic

parenchymal-preserving liver resections for lesions located

in segments 7, 8, 4a, and 1.

Methods Demographics, comorbidities, clinicopathologic

characteristics, surgical treatments, and outcomes from

patients who underwent laparoscopic and robot-assisted

liver resection in two centers for lesions in the posterosu-

perior segments between June 2008 and February 2014

were reviewed. A 1:2 matched propensity score analysis

was performed by individually matching patients in the

robotic cohort to patients in the laparoscopic cohort based

on demographics, comorbidities, performance status, tumor

stage, location, and type of resection.

Results Thirty-six patients who underwent robot-assisted

liver resection were matched with 72 patients undergoing

laparoscopic liver resection. Matched patients displayed no

significant differences in postoperative outcomes as mea-

sured by blood loss, hospital stay, R0 negative margin rate,

and mortality. The overall morbidity according to the

comprehensive complication index was also similar

(34.6 ± 33 vs. 18.4 ± 11.3, respectively, for robotic and

laparoscopic approach, p = 0.11). Patients undergoing

robotic liver surgery had significantly longer inflow

occlusion time (77 vs. 25 min, p = 0.001) as compared

with their laparoscopic counterparts.

Conclusions Although number and severity of compli-

cations in the robotic group appears to be higher, robotic

and laparoscopic parenchymal-preserving liver resections

in the posterosuperior segments display similar safety and

feasibility.

Keywords Robotic liver resections � Laparoscopic liver

resections � Posterosuperior segments � Propensity score

Laparoscopic liver resections (LLR) of posterosuperior

(PS) segments (Segments 1, 4a, 7, and 8) are considered to

be challenging tasks due to difficult bleeding control and

liver mobilization [1–9]. Many authors do not consider

lesions in PS segments to be amenable to a pure laparo-

scopic approach, while others obviate the poor maneuver-

ability of laparoscopic tools with ‘‘hand assistance’’ [10].

Different devices and approaches have been used to

improve parenchymal transection and bleeding control in

this area of the liver.

Better visualization can be achieved with left lateral

patient position and flexible laparoscopes. Deep

parenchymal transection can be improved with the routine

use of laparoscopic Cavitron Ultrasonic Surgical Aspirator

(CUSA) [4].

Over the last decade, robot-assisted laparoscopy has

been included in the surgical armamentarium to manage

complex abdominal scenarios, including those encountered
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in liver surgery [11–13]. The first report of robotic liver

resection (ROBR) dates back to 2003, 10 years after the

report of the first LLR [14, 15].

The robotic platform Da Vinci S and the newer versions

(Intuitive Surgical Inc., Sunnyvale, CA) can overcome

many of the limitations of conventional laparoscopic liver

surgery: two-dimensional imaging and tremor amplifica-

tion, fulcrum effect, limited degrees of freedom of

laparoscopic tools, and awkward ergonomics. Augmented

dexterity given by endowristed instruments, filtration of the

surgeon’s movements, and high-definition three-dimen-

sional vision are integrated to allow steady and careful

dissection [16]. Due to the technical features of the robotic

surgical system, facilitation of minimally invasive hepate-

ctomies in the PS segments is also expected.

Reduction in the major hepatectomy rate according to

the principles of parenchymal-sparing surgery and better

early outcome are the main goals in this investigation of

the effectiveness of the robotic surgical system, with

respect to traditional laparoscopy [17].

Some studies comparing robotic and laparoscopic

techniques have been published recently, but no one has

provided conclusive results in favor of one of two

approaches [18–24]. Two of these studies are case–control

match but without the propensity score analysis. Our data

coming from a retrospective study have shown an advan-

tage of robotics over traditional laparoscopy through

reduction in major hepatectomies [20].

The aim of the present study was to compare minor

robotic liver resections to laparoscopic liver resections for

tumors located in PS segments in a 2:1 case–control study

matched by propensity score analysis in order to investi-

gate intra- and postoperative outcomes of the two tech-

niques in conditions where parenchymal-preserving resections

were performed.

Materials and methods

Study design

Between June 2008 and February 2014, 824 liver resec-

tions performed at two different institutions were retro-

spectively analyzed from a prospective kept database. A

total of 697 resections were performed at Ghent University

Hospital Medical School, Belgium (center 1), and 127 at

Spoleto General Hospital (center 2). In 371 (45 %) cases,

liver resection involved PS segments, of which 141 (38 %)

were performed laparoscopically and 230 (62 %) were

performed in a standard open fashion. Among 141

laparoscopic cases, 132 patients (eligible for both

approach) received parenchymal-preserving resections, of

which 96 were fully laparoscopic (n = 80 in center 1 and

16 in center 2) and 36 were performed with robot assis-

tance (n = 10 in center 1 and n = 26 in center 2). More-

over, a mutual exchange of surgeons between the two

centers has been adopted since 2012 and for a total period

of 4 weeks before starting the study in order to verify that

indications and surgical strategies were similar. Con-

traindications for laparoscopic or robotic approach in both

centers included a tumor close to the hilum and the inferior

vena cava, bulky tumors, and patients with cirrhosis Child-

Pugh categories B and C.

The 36 patients who underwent robotic liver resection

(ROB group) were matched in a case–control approach

with the propensity score analysis with 72 patients under-

going laparoscopic liver resection (LAP group). The group

had a 1:2 ratio according to age, sex, year of operation,

type of operation, number of lesions, total mean size of

lesions, previous abdominal surgery, and neoadjuvant

chemotherapy. Inclusion criteria for enrollment in the study

were laparoscopic or liver resections involving one or more

PS segments; exclusion criteria were major hepatectomy

and palliative resections.

Blood loss was evaluated by taking into account fluid

balance and drop in hemoglobin levels [25]. Preoperative

investigations consisted of a clinical biochemistry panel,

ultrasonography, triphasic spiral CT, magnetic resonance

imaging, and positron emission tomography CT when

required. Indications for surgical treatment were deter-

mined during a multidisciplinary conference including

hepatobiliary surgeons, oncologists, gastroenterologists,

radiologists, radiotherapists, and pathologists in each

institution. During the study period, in both centers, non-

anatomical resection and anatomical segmentectomy were

the preferred strategies for the treatment for colorectal liver

metastases (CRLM) and hepatocellular carcinoma (HCC),

respectively, according to the principles of parenchymal

preservation surgery [26–28].

Histological margin was defined R1 when microscopi-

cally described as inferior to 1 mm. The terminology for

liver anatomy and resection is based on the Brisbane

classification [29]. The postoperative management was

similar between the two centers; the enhanced recovery

after surgery (fast-track) protocol [30] was adopted from

2011 onwards in center 1 and from 2012 in center 2.

The Clavien–Dindo classification [31] and the compre-

hensive complication index [32] systems were used to

describe complications in both groups.

Surgical technique for robotic liver resections

All the procedures were performed using the Da Vinci S

and Si Surgical System (Intuitive Surgical, Sunnyvale, CA,

USA), and the intraoperative ultrasound assessment was

conducted with the Aloka Prosound Alpha 7 (Aloka,
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Tokyo, Japan). The patient was rotated onto the left flank to

facilitate liver mobilization and inferior vena cava dissec-

tion, with the right arm hanging over the patient’s forehead.

The camera port and the left robotic trocars were placed at

the level of the right costal margin, whereas the right

robotic trocar was inserted in the intercostal space between

the 10th and 11th ribs along the scapular line, as previ-

ously described [33]. After pneumoperitoneum induction

(10–12 mmHg), a camera port was inserted at the level of

the umbilicus. Two 8-mm robotic trocars were placed along

the left and right mid-clavicular lines and five fingerbreadths

from the umbilicus. Two accessory trocars were placed

along the left and right mammillary lines below the robotic

trocars. For lesions in segment 4a, trocars were positioned

with the same disposition, but more cranially.

Two accessory trocars can be placed along the midline

and the anterior axillary line for suction and retraction. To

control the liver inflow, an extracorporeal tourniquet was

used to encircle the liver pedicle and perform the Pringle

maneuver [34]. Parenchyma was usually transected with a

harmonic scalpel for straight-line resections. The Kelly

clamp crushing technique using endowristed bipolar pre-

cise forceps (Intuitive Surgical, Sunnyvale, CA, USA) was

preferred for curved and angulated section lines and tumor

dissection close to major liver vessels (Fig. 1).

Hemostasis of small vessels was obtained using a

monopolar or bipolar cautery. To secure larger vessels on

the transection line, we used Hem-o-lock� clips (TFX

Medical Ltd, RTP Durham, NC, USA) or ligatures with

Vicryl� or Prolene�. The hepatic veins (HVs) were usually

divided with a laparoscopic linear stapler (EndoGIA,

Ethicon, Cincinnati, OH, USA) or sutured. A suction

drainage was always left in place. The specimen was

generally extracted through the umbilical port, as previ-

ously described [35].

Surgical technique for laparoscopic liver resections

Laparoscopic resection was performed with the patient in

supine and 30� anti-Trendelenburg position and the sur-

geon between the patient’s legs. The patient was turned

two-thirds to his left side, with the right arm alongside the

body whenever possible. Four to six port sites (5 mm,

10 mm, and two to four 12 mm ports) were inserted in the

upper abdominal quadrant: The 12-mm ports were placed

to allow insertion of a 30� optical device and the linear

stapler, the 10-mm port for the surgical aspirator or har-

monic scissors, and the 5-mm port was used mainly to

allow irrigation and aspiration during surgery and to hang

the liver when necessary.

Parenchyma division was almost exclusively performed

using the surgical aspirator (CUSA Excell Integra, Plains-

boro, NJ, USA; or Olympus SonoSurg, Olympus USA,

Center Valley, PA, USA) and a harmonic scalpel (Ethicon,

Cincinnati, OH, USA) for the Glissonian approach. The

Pringle maneuver was applied selectively in case of

bleeding. Bipolar coagulation was used for minor bleeding

or oozing (Fig. 2). Larger vascular/biliary structures were

controlled with endoclips (Hem-o-lock clips, TFX Medical,

RTP Durham, NC, USA) or vascular staplers (EndoGIA,

Ethicon; Tri-stapler technology� Covidien). Finally, the

specimen was extracted using a plastic bag through the

Pfannestiel incision, additional port site enlargement, or by

partial opening of a previous abdominal scar.

Fig. 1 Operative field and

crush-clamping technique

during robotic-assisted liver

resection
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Statistical analysis

Continuous data were reported as mean ± SD (ranges) and

were compared using the two-sided Student’s t test.

Comparisons between groups for categorical variables

were performed by means of the v2 test with Yates’ cor-

rection or the Fisher’s exact test when appropriate.

To overcome biases from the different distribution of

covariates among patients in the two study groups, a

propensity score analysis was performed. The model was

used to obtain a one-to-two match by using the nearest-

neighbor matching method. Patients in whom the propen-

sity score was not applicable were excluded from further

analysis. The matching algorithm was based on logistic

regression, without replacement, until all possible matches

had been formed.

The following covariates were matched for age, sex,

date of operation, number of liver metastases, total mean

size of the lesions, previous abdominal surgery, underlying

hepatopathy (e.g., cirrhosis), and neoadjuvant chemother-

apy. The matched model was tested by a histogram of the

propensity score and the dot plot standardized mean

differences.

Propensity score analysis and matching was performed

with the psmatching program [36] that performs all anal-

yses in R through the SPSS R-Plugin (SPSS R Essentials)

and utilizes newly written R code, as described by

Thoemmes [37]. The last version of extension bundles for

SPSS PSMATCHING3.03.spe was utilized. We used sin-

gle nearest-neighbor matching with no replacement (a

single participant could not be selected multiple times) to

match patients.

Statistical significance was set at p\ 0.05. Statistical

analysis was performed using the IBM SPSS Statistics for

Windows, version 20.0. Armonk, NY, IBM Corp.

Results

Preoperative

Patient demographics, indications for liver surgery, and

preoperative data are shown in Table 1. There were no

significant differences in all main patients and disease

characteristics.

Operative procedure

Intra-operative characteristics are shown in Table 2. Types

of resections were similar in the two study groups (wedge,

monosegmentectomy, bisegmentectomy, or mixed resec-

tions). ROB was characterized by a more intensive use of

the Pringle maneuver (55.6 vs. 22.2 %, p = 0.001) that

results in a significantly longer inflow occlusion time

(76.7 ± 41.3 vs. 24.6 ± 16.5, p\ 0.001) as compared

with their laparoscopic counterparts. The mean surgical

Fig. 2 Operative field and

parenchymal transection during

laparoscopic liver resection
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Table 1 Patient demographics,

indication to liver surgery and

clinical characteristics

Robotic

(N = 36)

Laparoscopic

(N = 72)

p

Demographics

Age 62 ± 13 (32–84) 56.8 ± 15 (17–79) 0.081

Age[60 21 (58.3 %) 39 (54.2 %) 0.84

Gender, M 21 (58.3 %) 39 (54.2 %) 0.84

Indication for resection

Colorectal liver metastases 21 (58.3 %) 44 (61.1 %) 0.19

Adenoma 1 (2.8 %) 9 (12.5 %)

FNH 0 4 (5.6 %)

Hemangioma 4 (11.1 %) 4 (5.6 %)

HCC 3 (8.3 %) 6 (8.3 %)

Cyst 4 (11.1 %) 4 (5.6 %)

Cholangiocarcinoma 1 (2.8 %) 0

Other 2 (5.5 %) 1 (1.4 %)

Pathology (malignant) comorbidity 26 (72.2 %) 50 (69.4 %) 0.94

Cardiac 8 (22.2 %) 23 (31.9 %) 0.41

Pulmonary 1 (2.8 %) 1 (1.4 %) 1

Renal 1 (2.8 %) 4 (5.6 %) 0.66

Diabetes 9 (12.5 %) 9 (12.5 %) 0.75

Previous abdominal surgery 18 (50 %) 44 (61.1 %) 0.37

ASA 2.3 ± 0.62 (1–3) 2.1 ± 0.63 (1–3) 0.16

1 3 10 0.53

2 19 42

3 13 20

Neoadjuvant chemotherapy 7 (19.4 %) 26 (36.1 %) 0.12

Repeat hepatectomy 3 (8.3 %) 6 (8.5 %) 1

Table 2 Perioperative details

and histological characteristics

of tumoral lesions in both

groups

Robotic

(N = 36)

Laparoscopic

(N = 72)

p

Type operation

Wedge resection 15 (41.7 %) 35 (48.6 %) 0.95

Monosegmentectomy 6 (16.7 %) 15 (20.8 %)

Bisegmentectomy 6 (16.7 %) 10 (13.9 %)

Mixed 9 (25 %) 12 (16.7 %)

Liver surgical time (min) 306 ± 182 (53–790) 295 ± 107 (75–590) 0.65

Pringle maneuver (n)

Total Pringle time (min)

20 (55.6 %)

76.7 ± 41.3 (24–166)

16 (22.2 %)

24.6 ± 16.5 (2–74)

0.001

\0.001

Blood loss (ml) 415 ± 414 (0–1500) 437 ± 523 (0–2200) 0.85

Conversion rate (number) 5 (13.9 %) 7 (9.7 %) 0.53

Histology

Mean lesion number (cm) 1.81 ± 1.28 (1–6) 1.5 ± 0.82 (1–5) 0.10

Lesion number[1 17 (47.2 %) 23 (31.9 %) 0.18

Total mean size (mm) 44.4 ± 30.6 (2–110) 49.5 ± 35 (6–140) 0.46

Pts. with multiple lesions ([1) 17 (47.2 %) 25 (35.2 %) 0.29

R1 Resection 4 (11.1 %) 9 (12.5 %) 1

1008 Surg Endosc (2016) 30:1004–1013
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time and the amount of bleeding were similar in the two

groups. The conversion rate was not significantly different

between the two groups (13.9 vs. 9.7 %, p = 0.53), as well

as the causes of conversion, which were mainly bleeding,

oncological concerns, and adhesions (Table 3).

Histology assessment

Histology assessment is described in Table 2. Mean lesion

number and total mean size of lesions were similar between

the two study groups. More patients with multiple lesions

were present in the robotic group, even though the differ-

ence was not statistically significant (47.2 vs. 35.2 %,

p = 0.29). The rate of R1 resection was similar between

the two study groups as well (11.1 vs. 12.5 %, p = 1).

Morbidity and mortality

In the ROB group, three patients experienced a grades III–

V morbidity: the first with a solitary HCC on cirrhosis that

developed postoperative liver failure requiring liver trans-

plantation; the second died on the POD 4 following a

myocardial infarction; the third developed vena cava

inferior syndrome after 7–8 bisegmentectomy for a huge

and symptomatic adenoma requiring redo laparotomy and

opening of the diaphragm. Postoperative complications

were identical between the two study groups (19.4 %,

p = 1). The comprehensive complication index was higher

in ROB group (34.6 ± 33 vs. 18.4 ± 11.3), although sta-

tistically not significant (p = 0.11). The main complica-

tions that occurred in the ROB group were pleural effusion,

fluid collection, and transient renal failure (5.5 % each). In

the LAP group, the complications were infections and

pneumothorax (5.5 % each). The rate of biliary leaks was

overall very low (2.8 and 1.4 %, respectively, for ROB and

LAP).

The overall survival in patients with colorectal liver

metastases was 92.3, 64.6, and 40.4 % versus 96.4, 70.8,

and 62.9 % (p = 0.24) at 1, 3, and 5 years in ROB versus

LAP group, respectively. Accordingly, RFS was 73.3, 46.2,

Table 3 Overall specific

morbidity and morbidity

according to Dindo–Clavien

classification and the

comprehensive complication

index

Robotic

(N = 36)

Laparoscopic

(N = 72)

p

Morbidity

Postoperative stay (days) 6 ± 2.9 (2–91) 4.9 ± 2.95 (2–20) 0.07

Patients with complicationsa 7 (19.4 %) 14 (19.4 %) 1

CCI 34.6 ± 33 18.4 ± 11.3 0.11

Minor (grades 1–2) 9 (25 %) 11 (15.3 %) 0.33

Major (grades 3–5) 4 (11.1 %) 5 (6.9 %) 0.71

Infection 1 3

Biliary leak 1 1

Pleural effusion 2 1

Bleeding 0 1

Fluid collections 2 2

Renal failure 2 0

Liver failure 2 0

Ascites 1 1

Pneumothorax 1 4

Ileus 0 1

Right arm palsy 0 1

VCI syndrome 1 0

Cholangitis 0 1

30-day mortality 1 (2.8 %) 0 0.72

Conversions 5 (13.9 %) 7 (9.7 %) 0.53

Bleeding 2 (5.5 %) 2 (2.8 %)

Oncological 2 (5.5 %) 1 (1.4 %)

Technical 1 (2.8 %) 1 (1.4 %)

Adherences 0 3 (4.2 %)

CCI Comprehensive complication index
a Two patients in both groups experienced more than one complication
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and 46.2 % versus 63.7, 37.1, and 32.5 % (p = 0.56) in

ROB versus LAP group, respectively.

Discussion

According to the Louisville consensus statement, indica-

tions for laparoscopic liver resection are patients with

solitary lesions, 5 cm or less, located in liver segments 2–6

[1]. Instead, liver resections for lesions located in the PS

segments (the so-called difficult segments) are mostly

reserved for open surgery. The degree of difficulty of

resection in segments 7 and 8 is considered to be similar to

that of a major hepatectomies [9, 38]. Yoon et al. [8]

demonstrated that patients who underwent pure LLR for

HCC located in the PS segments had a longer operative

time and longer postoperative hospital stay, in addition to a

tendency toward a higher rate of open conversion and

greater blood loss compared to anterolateral segments Even

in our series, only 38 % of patients with lesions in PS

segments received a minimally invasive resection.

Technical struggles for a minimally invasive resection in

PS segments are due to poor visibility and scarce degrees

of freedom for laparoscopic tools. Multiple port sites,

including intercostal ports, are necessary to reach the

posterior aspect of the right liver, and outflow vascular

control and inferior vena cava dissection remain as

demanding and potentially harmful steps [39]. Moreover,

the complex lines of parenchymal transection hamper

bleeding control and require meticulous ultrasound moni-

toring to perform margin-free resections [40].

Maneuverability of the standard 10-mm laparoscopic

ultrasound probe is limited by the trocars’ position, the

narrow space of the subdiaphragmatic area, and the con-

vexity of the liver dome. While the vertical demarcation of

the transection line is an easy task, more difficult is the

identification of the horizontal border of the transection

line.

Therefore, LLRs are still limited to a few specialized

hepatobiliary units. Intrinsic limitations of conventional

laparoscopic surgery—including reduced freedom of

movement and a two-dimensional view—can be overcome

by the robotic surgical systems cleared for use.

The robot has several advantages compared to the tra-

ditional laparoscopic tool, although it has as yet some

important limitations (Table 4). Well-known advantages of

the robotic system are improved vision via three-dimen-

sional view, magnification, tremor suppression, and the

endowristed instruments. However, to date, the benefits of

robot assistance in liver surgery have not yet been clearly

defined.

Accurate real-time imaging of liver anatomy and a well

thought out operative resection plan are necessary, and

today, this is accomplished with the use of intraoperative

ultrasound image [41].

The available robotic ultrasound probes are merely

laparoscopic probes that can be handled by a robotic Pro-

grasp (Intuitive Surgical Inc., Sunnyvale, CA). Prototypes

with three-dimensional movements were designed to

facilitate visualization of the lesions in the segments PS,

but they are not ready for the market [42].

However, the three-dimensional movements of the

robotic instruments allow multiplanar parenchymal tran-

sections that are arduously reproducible with laparoscopy.

Only a few authors have reported minor laparoscopic

resections in segments 7, 8, and 1 with results comparable

to open surgery using specific technical tricks for right

posterior lesions, including left lateral decubitus position

and transthoracic port placement [40, 43–47]. The hand-

assisted (HA) or hybrid procedures have been advocated to

reduce the technical difficulty of laparoscopy in PS seg-

ments. It seems likely that the HA procedures may have

inferior aesthetic results and, perhaps, cause more postop-

erative pain than the fully laparoscopic or robotic surgery.

However, it seems rather to be a surgeon preference than a

clinical relevant issue, and to date, no data are available

comparing the benefits of HA procedures to a pure

laparoscopic or robotic surgery.

Few studies in the literature have compared LLRs to

robotic liver resections, and none of them were specific on

PS segments [18, 21–24, 48, 49].

In the present study, we compared laparoscopic and

robotic minor liver resections in PS segments in a bi-in-

stitutional analysis. We selected the laparoscopic group

utilizing the propensity score analysis that was performed

to adjust for potential bias and is used often in observa-

tional studies because of non-randomized group assign-

ment. Major liver resection involving PS segments was

excluded in the analysis because the transection line for

these types of operations is considered to be easier than in

minor liver resections.

In a previous study, we compared the results of robotic

and laparoscopic liver resections for lesions located in all

segments. The study showed similar results in terms of

safety and efficacy, but we found out a higher rate of minor

liver resection in PS segments with the robotic technique

(55 vs. 34.1 %, p = 0.019) [20]. These data showed that

robot-assisted surgery could promote the liver parenchy-

mal-preserving resections in the PS segments. We specu-

lated that robotic assistance could increase the rate of

minimally invasive resections, especially in cases of

lesions that required several and multiplanar transection

lines. In the present study, no significant differences were

observed in terms of efficacy and safety between the two

methods concerning the type of surgery, duration of sur-

gery, bleeding, conversion rate, and morbidity. The rate of

1010 Surg Endosc (2016) 30:1004–1013
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complication was similar between the two groups, but the

comprehensive complication index was higher in the ROB

group The severity of complications in the robotic groups

appeared to be higher as measured by the comprehensive

complication index, although not reaching statistical sig-

nificance (34.6 ± 33 vs. 18.4 ± 11.3, p = 0.11). Simi-

larly, the rate of R1 resection was not significantly different

between the two techniques. A lack of precision in the

positioning of the stapler may have caused the VCI syn-

drome in the patient with the giant adenoma. In fact, the

positioning of the stapler is currently performed by the

assistant surgeon at the operating table and not by the first

surgeon sitting at the console. This situation also highlights

a major flaw of the robotic approach: the possible need for

two trained surgeons, one at the console and the second one

beside to the patient, to obtain the best results, as recently

stated at the second international consensus conferences on

laparoscopic liver surgery (2ICCLLS) [50]. The technical

limitations will certainly be overcome in a near future (i.e.,

robot-driven endoscopic staplers, suction-irrigation, and

robotic ultrasound systems). The length of hospital stay

was significantly lower in the laparoscopic group likely due

to the implemented enhanced recovery after surgery

(ERAS) protocol. The other substantial difference was

evident in the use of the Pringle maneuver that was utilized

much more frequently in the robotic group. The pedicle

clamping is often necessary during robotic resection,

because the robotic transection is performed with the crush

technique that often requires an intermittent Pringle

maneuver. In laparoscopy, liver transection is based on the

use of CUSA, and such a device is not currently available

for the da robotic surgical system. The ultrasonic aspirator

is aspirating cells and promoting a necrosis of the cutting

edge due to the thermal energy delivered. This means that

the true resection margins are wider than those measured

on the specimen by the pathologist. In our series, the

frequent use of pedicle clamping in patients with chronic

liver disease who underwent robotic resections caused two

postoperative liver failures, requiring a successful urgent

liver transplant in one case and causing a death in the other.

The need to extend inflow occlusion duration with the

robotic technique is one of the major limitations of this

approach. Prolonged inflow occlusion can promote post-

operative liver failure especially in patients with chronic

liver disease or parenchymal alterations due to toxicity

resulting from neoadjuvant chemotherapy. However, a

reduction in the use and duration of the Pringle maneuver

can be appreciated along the surgeon learning curve.

Moreover, both liver failures developed after long-lasting

surgeries due to deep location and proximity to the hepa-

tocaval confluence of the lesions. These events could be

considered also the result of long operating times on poor

liver function questioning the safety of minimally invasive

surgery for complex resections in the PS segments in the

presence of chronic liver disease.

It has been demonstrated that the learning curve of

laparoscopic liver resection is completed when 60 proce-

dures are achieved [51]. There are no studies in the liter-

ature that describe the necessary learning curve for robotic

liver resections, but based on our experience and those

presented during the 2ICCLLS [50], it seems likely that it

is shorter.

On these equal terms, the main drawback of advanced

robotic surgery is the associated cost. In our internal cost

analysis, we prospectively collected the number and type of

disposable materials used for LLR such as trocars, vascular

staplers and refills, clips, stitches, sutures, irrigation suc-

tion, disposable materials for CUSA and Sonosurg, argon

beamer, and endobags. The mean instrumentation costs of

a LLR were 1406€. Although a case-by-case cost analysis

was not performed, the robotic instrumentation in general

adds 500$ per case to the laparoscopic equipment cost [18].

Table 4 Overview of characteristics of each of the two techniques

Robotic Laparoscopic

Advantages Three-dimensional view

Three-dimensional movements

Enhanced suturing capacity

Stability of the visual field

Preserved haptic feedback

Wider range of available instruments

Easier instruments replacement

Reasonably priced equipment

Disadvantages Lack of haptic feedback

Need of an additional attending surgeon

Reduced instrumentation (i.e., CUSA)

Higher rate of Pringle manoeuver required

Learning curve (including OR nurse team)

Costs

Adequate space required (large OR)

Three-dimensional view shortly available for clinical use

Learning curve

Reduced suturing capacity
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The cost of the equipment purchase and annual service fees

are an additional financial burden of robotic procedures.

These can be reduced with heavy utilization of the robot by

the other surgical specialties at the same institution. It was

demonstrated that in left lateral sectionectomy, which is

considered to be a gold standard in laparoscopy, robotic

assistance does not improve the operative outcomes but

involves significantly higher costs [49].

The main advantages that we found utilizing the robotic

technique were three-dimensional viewing, the wide range

of movements of the surgical instruments and eventually

the 3D movements of ultrasound and the greater surgical

precision of instruments movement. Conversely, the ben-

efits we have seen with laparoscopic approach included

easier mobility in the management of surgical instruments,

the availability of CUSA, and the lower costs.

In conclusion, robot-assisted resections in the PS seg-

ments are comparable in safety and feasibility to pure LLR

in a high-volume center, although a trend to a higher

degree of complications was recorded with the robotic

technique. However, based on our results using propensity

matching, the claimed superiority of robotics over the

laparoscopic approach has not been proven for PS seg-

ments. This situation also suggests that a more in-depth

comparative cost analysis between the two techniques is

necessary to verify the actual cost–benefit rate, which is

higher with the robot. It is also important to emphasize that

the frequent need of pedicle clamping in robotic surgery

exposes patients with diseased liver parenchyma to an

increased risk of postoperative liver failure. The possibility

of having in the future a wider range of miniaturized liver-

specific instruments (such as the surgical aspirator) com-

bined to an haptic feedback will possibly improve the

results of robotic liver resections, whereas the availability

of 3D cameras in pure laparoscopy could further ameliorate

the results of the laparoscopic approach.
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